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In a supersymmetric model where R–Parity and lepton number are violated bilinearly in the superpotential,
which can explain the solar and atmospheric neutrino problems, we study the unification of gauge and Yukawa
couplings at the GUT scale. We show that bottom–tau Yukawa coupling unification can be achieved at any value
of tanβ, and that the strong coupling constant prediction from unification of gauge couplings is closer to the
experimental value compared with the MSSM. We also study the predictions for Vcb in a Yukawa texture ansa¨tze.
Bilinear R–Parity Violation (BRpV) has at-
tracted a lot of attention lately [1,2] due to its
prediction for neutrino masses [3,4] in connection
with the recent results from SuperKamiokande
[5], confirming the deficit of muon neutrinos from
atmospheric neutrino data [6]. The simplest in-
terpretation of the data is in terms of νµ to ντ
flavour oscillations with maximal mixing and a
mass squared difference of
∆m2atm ≈ 10−3 − 10−2 eV2 . (1)
In addition, the solar neutrino experiments [7] im-
ply the existence of another independent neutrino
mass squared difference
∆m2sun ≈ 10−10 eV2 (VO)
∆m2sun ≈ 10−6 − 10−4 eV2 (MSW) (2)
where VO stands for Vacuum Oscillation so-
lution and MSW for the Mikheyev–Smirnov–
Wolfenstein solution [8]. The solar effect could
be due to νe to νµ oscillations.
The solar and atmospheric neutrino problems
can be solved in the context of BRpV [9] where
the superpotential
W =WYuk − µĤdĤu + ǫiL̂iĤu (3)
contains three terms that mix the three lepton
superfields with the Higgs superfield responsible
for the up–type quark masses. The three mixing
terms violate R–Parity and lepton number and
are proportional to parameters ǫi with units of
mass.
The three neutrinos mix with the four neutrali-
nos, and in a see-saw type of mechanism one of
them acquire a mass at tree level and the other
two remain degenerate and massless. In the case
of ǫ1 ≪ µ,M1/2 the tree level neutrino mass can
be approximated to [9,10]
mν ≈ g
2M1 + g
′2M2
4det(Mχ0)
|~Λ|2 , (4)
where Λi = µvi + vdǫi and vi are the vev’s of the
sneutrinos. The matrix Mχ0 is the 4× 4 subma-
trix corresponding to the original neutralinos. It
can be shown that the parameters Λi ≈ µ′v′i are
directly proportional to the sneutrino vev’s v′i in
the basis where the ǫi terms have been removed
from the superpotential.
In order to calculate reliable neutrino masses
and mixings it is imperative to include one–loop
corrections to the three generations [9,11]. In this
way, the degeneracy and masslessness of the light-
est two neutrinos is lifted. The renormalized mass
matrix has the form
Mpoleij = M
DR
ij (µR) +
1
2
(
Πij(p
2
i ) + Πij(p
2
j)
− mχ0
i
Σij(p
2
i )−mχ0
j
Σij(p
2
j )
)
. (5)
2where µR is an arbitrary scale and Πij and Σij
are self energies. The explicit scale dependence of
the self energies is canceled by the implicit scale
dependence of the tree level masses in the DR
scheme. The averaged form of the renormalized
mass matrix is necessary for explicit gauge inde-
pendence. The loops include:
+
ν ν ν ν
q, F+, F 0
q˜, S−, S0
F+, F 0
W−, Z
where F+ are mixtures of charginos and charged
leptons, F 0 are neutralinos and neutrinos, S+ are
charged Higgs and charged sleptons, and F 0 are
neutral Higgs and sneutrinos.
We work in the general Rξ gauge, and to
achieve explicit gauge invariance we need to in-
clude the tadpole graph for the Goldstone bosons
into the self energies. There are five tadpole equa-
tions associated to the real parts of the two neu-
tral Higgs and three sneutrinos:
Vlinear = tdRe(H
0
d) + tuRe(H
0
u) + tiRe(ν˜i) . (6)
The renormalized tadpoles are
tα = t
0
α − δtDRα + Tα(Q) = t0α + TDRα (Q) (7)
where TDRα (Q) ≡ −δtDRα + Tα(Q) are the finite
one–loop tadpoles without the Goldstone contri-
bution.
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Figure 1. Solar mass squared difference ∆m212
as a function of ǫ2/|Λ|. Lower values of ∆m212
corresponds to VO solution and high values to
the MSW effect.
The solar mass squared difference ∆m2sun =
∆m212 is plotted in Fig. 1 as a function of ǫ/|Λ|,
where ǫ2 =
∑
i ǫ
2
i and Λ
2 =
∑
i Λ
2
i . Lower values
of ǫ/|Λ| leads to VO solutions and large values
to solutions with the MSW effect. Maximality of
the atmospheric angle is found for |Λµ| ≈ |Λτ |,
and maximality of the solar angle is obtained if
ǫe ≈ ǫµ, as long as Λe is about a decade smaller
than the other two.
An important consequence of the supersym-
metric solutions to the neutrino problems is the
necessity of tanβ <∼ 10, implying that the light-
est Higgs boson mass satisfy mh <∼ 115 GeV. In
BRpV the neutral Higgs mix with the sneutrinos,
and although this mixing does not affect the up-
per bound on mh, it can reduce the mass in a
few GeV [12]. A large part of the Higgs mass mh
comes from radiative corrections near tanβ = 1
[13] and therefore it is smaller than at high tanβ.
This is the reason why LEP2 has started to prove
this region of parameter space, preliminary ruling
out 1 ≤ tanβ <∼ 1.8 [14].
The analysis of BRpV with three massive neu-
trinos is very involved and for many applications
it is enough to consider the one–generation ap-
proximation. In the study of gauge and Yukawa
unification, the details of neutrino masses and
mixing are not relevant, and for simplicity we
consider BRpV only in the tau sector. The su-
perpotential is the one in eq. (3) with ǫ1 = ǫ2 = 0
and ǫ3 6= 0. in addition, an extra soft parameter
B3 is introduced
V BRpVsoft = V
MSSM
soft +B3ǫ3L˜3H2 + h.c. (8)
In this context, the tau neutrino acquire a mass
at tree level given by
mντ ≈
g2
2M
v′23 (9)
where v′3 is the sneutrino vev in the basis where
the ǫ3 term is removed from the superpotential.
The tadpole equations allow us to find an approx-
imated expression for this vev
v′3 ≈ −
ǫ3µ
µ′2m2ν˜0τ
(
v′1∆m
2 + µ′v2∆B
)
(10)
where ∆m2 = m2H1 − m2L3 and ∆B = B3 − B
are evaluated at the weak scale. In models with
3universal boundary conditions at the GUT scale,
these two differences at the weak scale are radia-
tivelly generated and proportional to the bottom
Yukawa coupling squared.
The sneutrino vev v3 contribute to the W bo-
son mass m2W =
1
4
g2(v2u + v
2
d + v
2
3), therefore the
Higgs vevs are smaller compared to the MSSM
case. Because of this, although the relation be-
tween the quark masses and the Yukawa couplings
does not change
m2t =
1
2
h2tv
2
u , m
2
b =
1
2
h2bv
2
d , (11)
the numerical value of the Yukawas is different
compared with the MSSM. The case of the tau
Yukawa coupling is different due to the tau mix-
ing with the charginos. The tau mass is
m2τ =
1
2
h2τv
2
d(1 + δ) (12)
where δ ≥ 0 depends on the parameters of the
chargino–tau mass matrix [15].
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Figure 2. Top quark pole mass as a function of
tanβ for different values of the sneutrino vev v3.
Bottom–tau Yukawa unification in BRpV can be
obtained at any value of tanβ. Top–bottom–tau
unification (inclined line) is achieved at high tanβ
in a slightly wider region compared to the MSSM.
In this context we have made a complete scan
over parameter space looking for solutions with
bottom–tau Yukawa unification within 1%. In
Fig. 2 we plot the top quark pole mass as a func-
tion of tanβ differenciating the regions with the
value of the sneutrino vev v3 (there is some over-
lap between the regions that we do not show).
The two horizontal lines correspond to the 1σ ex-
perimental determination of the top quark mass
[16]. The MSSM case is also shown and the usual
two solutions, one for large tanβ ∼ 55 and one
for small tanβ ∼ 2, can be observed. As we can
infer from the figure, bottom–tau Yukawa unifi-
cation in BRpV can be achieved at any value of
tanβ provided we tune the value of v3. In ad-
dition, top–bottom–tau Yukawa unification (in-
clined line) is achieved in a slightly wider region
at high tanβ [17].
To understand this result, consider the ratio
between hb and hτ at the weak scale. According
to eqs. (11) and (12) this ratio is
hb
hτ
(mweak) =
mb
mτ
√
1 + δ (13)
with δ increasing when v3 departs from zero. In
addition, solving the RGE’s with bottom–tau uni-
fication at the weak scale we get
hb
hτ
(mweak) ≈
exp
[
1
16π2
(
16
3
g2s − 3h2b − h2t
)
ln
MGUT
mweak
]
(14)
Comparing eqs. (13) and (14) we infer that the
combination 3h2b + h
2
t decreases when v3 departs
from zero (v3 = 0 corresponds to the MSSM).
In Fig. 3 we plot the ratio ht/hb as a function
of tanβ for the MSSM points corresponding to
the outer band in Fig. 2. The points with ac-
ceptable mt (within 1σ) and high tanβ lie in the
range 53 <∼ tanβ <∼ 60 and in this reagion clearly
hb dominates in the combination 3h
2
b + h
2
t . If v3
departs from zero (away from the MSSM) then
hb decreases in order to achieved bottom-tau uni-
fication. In order to keep the bottom quark mass
constant, the vev vd increases, and to keep the
gauge boson masses constant the vev v2 decreases,
implying that unification is achieved in BRpV at
smaller values of tanβ. In Fig. 4 we have the ra-
tio ht/hb as a function of tanβ for BRpV with
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Figure 3. Ratio between the top and bottom
quark Yukawa couplings at the weak scale in the
MSSM as a function of tanβ.
5 < v3 < 10 GeV. Looking at the figure we con-
firm that the region where hb dominates over ht
in eq. (14) is at smaller values of tanβ, where b−τ
unification and correct mt is achieved.
It is clear that bottom–tau unification in BRpV
is controlled by the sneutrino vev v3 and not di-
rectly by the neutrino masses. It is perfectly pos-
sible to have large effects in bottom–tau unifica-
tion and a small tau neutrino mass, although the
complete case with three neutrinos and masses
calculated up to one–loop is under investigation.
Another interesting effect controlled, as we will
see below, by the sneutrino vev v3 are the pre-
dictions for αs from unification of gauge cou-
plings at the GUT scale [18]. The experimen-
tal world average of the strong coupling constant
αs(mZ)
W.A. = 0.1189 ± 0.0015 [19] is about 2σ
lower than the GUT prediction in the MSSM
[20], as we illustrate in Fig. 5. In this figure
we have made a scan over all parameter space
in the MSSM–SUGRA including supersymmetric
threshold corrections given by [20]
∆αSUSYs = −
19α2s
28π
ln
(
TSUSY
Mt
)
(15)
where TSUSY is an effective mass scale given by
TSUSY = mH˜
(
m
W˜
mg˜
) 28
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Figure 4. Ratio between the top and bottom
quark Yukawa couplings at the weak scale in the
BRpV as a function of tanβ for 5 < tanβ < 10
GeV.(
ml˜
mq˜
) 3
19
(
mH
m
H˜
) 3
19
(
m
W˜
m
H˜
) 4
19
]
. (16)
The 2σ difference is not a real discrepancy, nev-
ertheless, it is interesting to compare it with the
predictions for αs in BRpV.
With BRpV embedded into SUGRA with uni-
versality of soft masses at the GUT scale, where
the gauge couplings unify, we have made a scan
over parameter space looking for the prediction
of αs at the weak scale. The results are pre-
sented in Fig. 6 where we plot the strong coupling
constant as a function of sin2 θW (mZ). Interest-
ingly, there is a 1σ improvement compared to the
MSSM. This effect can be understood by notic-
ing that the Yukawa couplings, which contribute
to the running of αs at the two–loop level, make
a contribution to αs that can be approximated by
∆αY UKs ≈ −
α2s
32π3
ln
(
MU
Mt
)
b′3
{
h2t + h
2
b
}
, (17)
and the difference between BRpV and MSSM is
that in the former case the combination h2t + h
2
b
can be larger than in the later case. From eq. (11)
we get
h2t + h
2
b = 2
(
m2t
v2u
+
m2b
v2d
)
. (18)
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Figure 5. Gauge coupling GUT unification pre-
diction for αs(mZ) as a function of the weak mix-
ing angle sin2 θW (mZ) in the MSSM.
In the MSSM at high values of tanβ both Yukawa
couplings are comparable, the vev vu is very close
to 246 GeV, and vd is just a few GeV. What hap-
pens in BRpV is that sneutrino vevs v3 of only
a few GeV (comparable to vd) can lift the value
of the bottom Yukawa coupling to twice as large,
since to keep the gauge boson masses constant vd
must decrease.
This effect can be seen in Fig. 7 where we plot
the value of αs(mZ) as a function of the combina-
tion h2t +h
2
b for the points in Figs. 5 and 6 that lie
in the lower part of each strip (the smallest val-
ues of αs for each value of sin
2 θW ). We clearly
observe the effect that h2t + h
2
b is larger in BRpV
than in the MSSM, reason why the BRpV predic-
tion of αs is closer to the experimental value.
The prediction of Vcb in the simplest Yukawa
texture ansa¨tze [15] has been also studied. In
this case, in addition to the GUT condition
hb(MGUT ) = hτ (MGUT ) we impose the condition∣∣∣Vcb(MGUT )∣∣∣ =
√
hc(MGUT )
ht(MGUT )
(19)
which is a prediction of the texture. We look for
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Figure 6. Gauge coupling GUT unification pre-
diction for αs(mZ) as a function of the weak mix-
ing angle sin2 θW (mZ) in BRpV.
solutions satisfying the experimental constraint
0.036 < |Vcb| < 0.042 at 90% c.l. [21] . So-
lutions in the MSSM are in Fig. 8 imposing the
two boundary conditions at the GUT scale within
the percentage indicated by the figure. With
GUT conditions at 5% the large tanβ solution for
bottom–tau Yukawa unification disappears be-
cause it does not predict an acceptable value for
Vcb. The large tanβ solution reappears if we re-
lax the GUT conditions, and it is fully present
imposing them at 40%.
In Fig. 9 we present the same analysis but for
BRpV. First of all, the allowed region correspond-
ing to GUT conditions at 5% is slightly larger in
BRpV. Indeed if we look only the region where
mt is within 2σ of its experimental determina-
tion, the BRpV region is twice as large as in the
MSSM [15]. More important differences between
the two models appear when the GUT relations
are relaxed: in BRpV it reappear the whole plane
mt−tanβ as an allowed region when we relax the
GUT conditions to 40%.
The fact that Vcb predictions tend to cut so-
lutions with high values of tanβ (observed in
the MSSM as well as BRpV) can be understood
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Figure 7. Strong coupling constant as a function
of h2t +h
2
b for points with lowest αs for each value
of sin2 θW in both the MSSM and BRpV.
considering the RGE for the ratio between |Vcb|
and Rc/t ≡ hc/ht [22]. Imposing the relation in
eq. (19) at the GUT scale, we obtain at the weak
scale
Rc/t
|Vcb|2 (mw) ≈ exp
[
1
16π2
(
h2t − h2b
)
ln
MGUT
mweak
]
(20)
Since the left hand side of eq. (20) is greater than
one (approximately equal to 1.5), it is clear that
the GUT condition Rc/t = |Vcb|2 prefers the re-
gion of parameter space where the top Yukawa
coupling is large while the bottom Yukawa cou-
pling is small. This is obtained at small values of
tanβ.
BRpV has many other important phenomeno-
logical consequences. The most crucial one for
collider physics is the decay of the lightest super-
symmetric particle (LSP). This modifies all ser-
ach strategies for supersymmetric partners. Here
we mention also constraints from the decay mode
b→ sγ. It was shown that the constraints on the
charged Higgs mass from the CLEO measurement
for B(b → sγ) [23] in the MSSM [24] are relaxed
in BRpV [25].
In summary, BRpV, which provides an expla-
nation for the solar and atmospheric neutrino
Figure 8. Regions with acceptable values of Vcb
in the tanβ −mtop plane for the MSSM.
Figure 9. Regions with acceptable values of Vcb
in the tanβ −mtop plane for BRpV.
problems, achieves b − τ unification at any value
of tanβ, predicts a value for αs closer to the ex-
perimental value, and predicts the value of Vcb in
a wider region of parameter space, making it a
serious alternative to the MSSM.
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